Introduction
Childhood obesity is a complex and multifaceted health problem linked to elevated risk for chronic diseases, such as diabetes, cancer, hypertension, and cardiovascular disease. 1, 2 Although research has increased dramatically in the past 2 decades, questions regarding factors driving overweight and obesity remain, particularly among youth of color who experience disproportionate rates of obesity and comorbid health conditions. 3 Adolescence is a critical period in the developmental trajectory, 4 in part because overweight and obese adolescents are more likely to remain overweight and/or obese in adulthood. 3 Overweight and obesity have been associated with adverse symptoms and intra-and interpersonal psychological, social, and emotional issues that continue into adulthood, including depression and anxiety, social withdrawal, feeling worthless, lower self-esteem, and behavioral problems. [5] [6] [7] Poor mental health may lead to increases in weight due to fluctuations in appetite, obesogenic behaviors (eg, overeating) to cope with negative mood, sedentary behavior, and increased isolation. 8 Chronic stress or experiences of discrimination may also influence physiology and behaviors that affect weight gain. 9 On the other hand, increased body mass index (BMI) could result in adverse emotional outcomes over time due to weight-based stigma, bullying, or poor self-esteem. 5, 6 The few longitudinal studies that have examined the association between emotional health and physical health outcomes have primarily taken a narrow focus of mental health symptoms (e.g., only examining depression) 10 or behavioral concerns (e.g., conduct). 11 Physical outcomes, including BMI, were often collected by selfreport 12 and/or retrospectively. 13 Furthermore, they have been limited to predominantly White samples of older adolescents or adults. 12, 13 Persistent racial and ethnic disparities in overweight and obesity further complicate research as well as clinical prevention and intervention efforts. Black and Latino youth experience disproportionate levels of overweight and obesity beginning as early as preschool and are more likely to remain obese as adults compared with Whites. 14 Blacks and Latinos also are at disproportionate risk for multiple negative health conditions associated with overweight and obesity, such as diabetes. 14, 15 Reasons for such disparities remain poorly understood and understudied.
Although emotional health has been associated with weight in both adults and youth, 16 prior research has been limited to cross-sectional studies. 17 Longitudinal, prospective designs are critical to explicate the association between emotional health and BMI among Black and Latino youth. The primary objective of this study is to examine whether negative emotional symptoms prospectively predict increases in BMI z-scores (BMI-z) across 2 years among a sample of predominantly Black and Latino, urban youth. We hypothesize that more negative emotional symptoms measured at baseline (grades 5 and 6) would predict increases in BMI-z scores 2 years later. Results can inform programs and interventions aimed at reducing obesity in youth of color.
Methods
Data are from a longitudinal health study among preadolescent students in 12 randomly selected public schools in an urban area in New England. The study was approved by the Yale University Human Subjects Committee and the Board of Education where the study was conducted. All participants provided parental consent and child assent, obtained in English or Spanish.
Participants
Wave I of the study (Fall 2009), included students in grades 5 and 6. Wave 2 (Fall 2011) included the same students then in grades 7 and 8. These analyses included 767 students who completed survey and physical measures during both waves of data collection. Descriptive statistics of the study sample are in Table 1 .
Procedure
In both 2009 and 2011, trained research staff read questions aloud to participants; students entered responses into online surveys on a desktop computer. Trained research assistants took physical measures. The school district provided sociodemographic data. A small incentive (eg, water bottle) was provided on completion.
Measures
Main Predictor: Emotional Symptoms. During Wave 1, participants completed a measure adapted from the World Health Organization Health Behaviour in School-Aged Children 8 survey to assess negative emotional symptoms. Participants indicated how often they experienced certain symptoms in the past 6 months, including 10 items such as feeling sad, feeling nervous, and having difficulty getting to sleep on a scale of 1 (About every day) to 5 (Rarely or never). Items were all reversescored, and a mean was calculated, so that higher scores indicate greater frequency of negative emotional symptoms (Cronbach's α = .78) Sociodemographic Characteristics. Sociodemographic characteristics were obtained from the school district, including age, gender, race/ethnicity, and eligibility for free or reduced price lunch (used as a proxy for socioeconomic status-a common practice with noted limitations). 9 These were included in all analyses as control variables.
Outcome Variable: BMI-z Scores. During both waves of data collection, participants' height and weight were taken according to the World Health Organization Expanded STEPS protocol to calculate BMI (kg/m 2 ) 8 . Based on the guidelines established by the Centers for Disease Control and Prevention, age-and genderadjusted BMI-z scores were calculated. 18 
Data Analysis
A regression analysis was conducted using SAS 9.2 PROC SURVEYREG, controlling for school clustering, BMI-z score at Wave 1, gender, age, race/ethnicity, eligibility for free or reduced price lunch, and change in height from Wave 1 to Wave 2. Negative emotional symptoms at Wave 1 was the main predictor variable, and BMI-z score at Wave 2 was the outcome variable; thus, this analysis modeled change in BMI-z score from Wave 1 to Wave 2.
Results
The analytic sample (N = 767) was 55% female. Mean age at Wave 1 was 10.87 (SD = 0.73). Approximately 47% identified as Latino and 39% as Black. More than 90% of the sample qualified for free or reduced price lunch. There was a mean score of 1.96 (SD = 0.84) on the negative emotional symptoms measure, indicating experiencing symptoms monthly, on average. Mean BMI-z score was 0.80 (SD = 1.14; 78.8th percentile) at Wave 1 and 0.82 (SD = 1.06; 79.4th percentile) at Wave 2.
Main Regression Analysis
Greater negative emotional symptoms at baseline predicted increased BMI-z scores 2 years later, even after controlling for BMI-z score at Wave 1, school clustering, and sociodemographic control variables ( Table 2) . Results were consistent using raw BMI or BMI percentile scores (data not shown).
Discussion
In this sample of predominantly Black and Latino students, more frequent negative emotional symptoms (eg, feeling sad, feeling nervous) among students in grades 5 and 6 predicted increased BMI-z scores 2 years later. Findings suggest that negative emotional symptoms increase youths' risk for weight gain. These findings extend past work by investigating a more broad range of emotional health symptoms and testing the association between emotional symptoms and weight change prospectively. In addition, this study contributes to our understanding of the research questions in a population at increased risk for obesity and related negative health outcomes. Unlike previous studies, 7, 17, 19 this sample is younger, predominantly Black and Latino, and socioeconomically disadvantaged. Understanding factors that contribute to overweight and obesity is essential for the development of prevention and intervention programs aimed at reducing these intractable health disparities.
Although findings form the current investigation support that emotional symptoms at baseline prospectively predicted change in BMI from baseline to follow-up, this does not rule out that reverse causality could also be operating. Indeed, there may be a cyclical effect in which emotional symptoms can lead to increases in BMI, and increases in BMI then lead to increases in emotional symptoms. 7, 12, 17 Future longitudinal studies should explore theses associations with multiple repeated measures of both mental health factors and BMI over time to further tease apart direction of effects and possible cyclical effects.
Mental health and childhood obesity both have received increased national attention. These longitudinal findings provide evidence that emotional symptoms contribute to obesity among adolescents, suggesting the need to assess and intervene on emotional health among youth to reduce prevalence of and disparities in obesity. Programs designed to identify and address concerns related to mental health and emotional well-being, as well as physical health outcomes such as obesity, will benefit from transdisciplinary approaches to prevention and intervention. 20 School-based health centers, which often employ mental and physical health providers, may provide an ideal environment in which to facilitate integrated behavioral health approaches to promote adolescent health. 
